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(57) ABSTRACT 

A transmitting and receiving apparatus including a modu 
lating circuit for modulating an input digital data; a ?rst 
frequency converting circuit for converting a signal output 
from the modulating circuit into a signal of a predetermined 
frequency; an amplifying/branching circuit for amplifying 
and branching a signal output from the ?rst frequency 
converting circuit; a second frequency converting circuit for 
converting a signal output from the amplifying/branching 
circuit, into a signal of a predetermined frequency; and a 
demodulating circuit for demodulating digital data from a 
signal output from the second frequency converting circuit. 
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TRANSMITTING AND RECEIVING APPARATUS 
CAPABLE OF THE SUPPRESSION OF THE 

MICROPHONIC NOISE IN DIGITAL 
TRANSMISSION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a transmitting and 
receiving apparatus Which is to be mounted in a mobile unit 
such as an airplane, and particularly to a transmitting and 
receiving apparatus Which digitally transmits a video and a 
sound. 

[0003] 2. Related Art of the Invention 

[0004] Recently, a digital video/audio system according to 
the MPEG standard is practically used in satellite broad 
casting, a CATV, etc. In a video/audio service in an airplane, 
an analog broadcasting system is mainly used at the present 
time. Such a system is desired to be replaced With a digital 
broadcasting system in Which an image compression tech 
nique such as MPEG is combined With a digital modulation 
technique, so that the number of transmission channels is 
increased and services are individually provided to all seats 
(for eXample, Japanese Patent Publication (Kokai) No. 
HEW-255043). 
[0005] Hereinafter, an eXample of a transmitting and 
receiving apparatus of the prior art Will be described With 
reference to the draWings. 

[0006] FIG. 6 shoWs the con?guration of a transmitting 
and receiving apparatus of the prior art. In FIG. 6, 61 
denotes modulating means, 62 denotes ?rst frequency con 
verting means, 63 denotes amplifying/branching means, 64 
denotes second frequency converting means, and 65 denotes 
demodulating means. FIG. 7 shoWs the con?guration of a 
PLL frequency synthesiZer included in each of the ?rst and 
second frequency converting means 62 and 64. In FIG. 7, 71 
denotes a PLL synthesiZer IC, 72 denotes a loop ?lter, 73 
denotes a voltage controlled oscillator, and 74 denotes a 
crystal oscillator. 

[0007] The operation of the thus con?gured transmitting 
and receiving apparatus Will be described. 

[0008] First, video data and audio data Which have been 
converted into a digitiZed form are input to the modulating 
means 61. The modulating means 61 performs quadrature 
amplitude modulation (hereinafter, abbreviated as QAM 
modulation) Which is used in a CATV and the like, or 
vestigial sideband modulation (hereinafter, abbreviated as 
VSB modulation) on the data and produces a signal of a 
center frequency f1. 

[0009] As the center frequency f1, frequently, 44 or 43.75 
MHZ is used in Japan and USA, and 36.125 MHZ is used in 
Europe. A signal output from the modulating means 61 is 
input to the ?rst frequency converting means 62. 

[0010] In the ?rst frequency converting means 62, the 
center frequency of the input signal is converted from f1 to 
f2. In an airplane, a frequency in a frequency band of several 
tens to several hundreds MHZ is usually used as the center 
frequency f2. A signal output from the ?rst frequency 
converting means 62 is input to the amplifying/branching 
means 63. 
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[0011] The amplifying/branching means 63 ampli?es and 
branches the input signal, and outputs the ampli?ed and 
branched signals in order to distribute the signals to various 
areas of the airplane. The signals output from the amplify 
ing/branching means 63 are input to the second frequency 
converting means 64. In the second frequency converting 
means 64, the center frequency of each of the input signals 
is converted from f2 to f3. 

[0012] The center frequency f3 is equal to the frequency 
f1. The signals output from the second frequency converting 
means 64 are input to the demodulating means 65. The 
demodulating means 65 demodulates the input signals and 
outputs reproduced data. 

[0013] In each of the ?rst and second frequency convert 
ing means 62 and 64, a PLL frequency synthesiZer is used. 
Hereinafter, the operation of a PLL frequency synthesiZer 
Will be described With reference to FIG. 7. 

[0014] The crystal oscillator 74 is connected to the PLL 
synthesiZer IC 71, and generates a signal SXtal by using an 
internal oscillation circuit. The signal SXtal is converted into 
a signal Sref by an internal programmable frequency divider 
(hereinafter, referred to as R counter). 

[0015] When the frequency of the crystal oscillator 74 is 
set to 4 MHZ and the R counter is set to 16, for eXample, the 
signal Sref has a frequency of 4 MHZ/16=250 kHZ. On the 
other hand, a signal Svco is input to the PLL synthesiZer IC 
71 from the voltage controlled oscillator 73. The signal Svco 
is converted by another internal programmable frequency 
divider (hereinafter, referred to as MA counter) into a signal 
Sdiv. When the MA counter is set to 2,800, for eXample, the 
relationship of the signal Sdiv=Svco/2,800 is established. 

[0016] A phase comparator included in the PLL synthe 
siZer IC 71 compares the phases of the signals Sref and Sdiv 
With each other, and produces a signal Serr Which is pro 
portional to the phase difference. For example, When the 
phase of the signal Sdiv leads that of the signal Sref, the 
signal Serr of a positive voltage is output. By contrast, When 
the phase of the signal Sdiv lags that of the signal Sref, the 
signal Serr of a negative voltage is output, and, When the 
phase of the signal Sdiv coincides With that of the signal 
Sref, the signal Serr of a Zero voltage is output. 

[0017] The signal Serr output from the PLL synthesiZer IC 
71 is input to the loop ?lter 72. The loop ?lter 72 has a 
frequency characteristic of alloWing only a signal of a loW 
frequency region to pass therethrough, and smoothes the 
input signal to remove noise components. A signal output 
from the loop ?lter 72 is input to the voltage controlled 
oscillator 73. 

[0018] The voltage controlled oscillator 73 is an oscillator 
in Which the oscillation frequency is changed in accordance 
With the level of the input signal. As the voltage level of the 
input signal is higher, for eXample, the frequency of an 
output signal is higher. 

[0019] When the PLL frequency synthesiZer is con?gured 
as described above, the phase of the signal Sdiv is controlled 
so as to coincide With that of the signal Sref. Therefore, the 
signal Svco output from the voltage controlled oscillator 73 
has a frequency of Sref><2,800=250 kHZ><2,800=700 MHZ. 
When the setting of the MA counter is changed, a different 
oscillation frequency can be obtained from the voltage 
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controlled oscillator 73 (for example, “PLL SHUHASU 
SYNTHESIZER KAIRO SEKKEI HO,” 1994, SOGO 
DENSHI SHUPPANSHA). 

[0020] As a result, When PLL frequency synthesizers are 
used as the oscillators respectively included in the ?rst and 
second frequency converting means 62 and 64, the fre 
quency f2 can be changed in the range of several tens to 
several hundreds MHZ. 

[0021] Large mechanical shocks and vibrations are 
applied to the transmitting and receiving apparatus Which is 
mounted in an airplane. Such mechanical shocks and vibra 
tions increase errors in the reproduced data output from the 
demodulating means 65. The data error is caused mainly by 
noises Which are generated by externally applied mechanical 
shocks and vibrations from a capacitor of the loop ?lter 72, 
and a capacitor and a coil of the voltage controlled oscillator 
73 in the ?rst and second frequency converting means 62 
and 64. Therefore, the phase noise characteristics of the 
signals output from the PLL frequency synthesiZers are 
impaired. 

[0022] As a method of suppressing noises Which are 
generated by mechanical shocks and vibrations from a PLL 
frequency synthesiZer, the folloWing methods have been 
proposed. 

[0023] As a ?rst proposal, a method is proposed in Which 
a PLL frequency synthesiZer is mounted on a mini module 
circuit board and the module circuit board is implanted into 
the main circuit board (Japanese Patent Publication (Kokai) 
No. HEI6-85700). In the method, When vibrations are 
applied, the vibrations are ?rst absorbed by the main circuit 
board to suppress transmission of the vibrations to the mini 
module circuit board on Which the PLL frequency synthe 
siZer is mounted, and no consideration is given to devices 
used in the PLL frequency synthesiZer and the circuit 
constants of the PLL. 

[0024] As a second proposal, a method is proposed in 
Which a capacitor used in a loop ?lter of a PLL frequency 
synthesiZer is con?gured by a non-laminated capacitor 
(Japanese Patent Publication (Kokai) No. HEW-288483). In 
the method, the pieZoelectric effect is reduced by the user of 
a non-laminated capacitor, and no consideration is given to 
the circuit constants of the PLL. 

[0025] As a third proposal, a method is proposed in Which 
capacitors used in a loop ?lter of a PLL frequency synthe 
siZer are mounted on the front and back faces of a circuit 
board, and electrically connected in parallel to each other 
(Japanese Patent Publication (Kokai) No. HEI9-219576). In 
the method, the mounting of capacitors on the front and back 
faces of a circuit board enables the capacitors to be com 
pensated With each other even When the circuit board is bent, 
and no consideration is given to devices used in the PLL 
frequency synthesiZer and the circuit constants of the PLL. 

[0026] Furthermore, the ?rst to third proposals are meth 
ods of suppressing noises Which are generated by mechani 
cal shocks and vibrations from a PLL frequency synthesiZer, 
and fail to consider portions of a transmitting and receiving 
apparatus other than the PLL frequency synthesiZer. 

[0027] In a transmitting and receiving apparatus Which 
transmits digitiZed video and audio data, the above-men 
tioned countermeasures that, as described above, are per 
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formed on a loop ?lter or a PLL frequency synthesiZer or a 
circuit board on Which a PLL frequency synthesiZer is 
mounted are insuf?cient for attaining a desired effect under 
an environment of severe shocks and vibrations in an 

airplane. Therefore, such an apparatus remains to have a 
problem in that data errors cannot be suppressed. 

SUMMARY OF THE INVENTION 

[0028] It is an object of the invention to provide a trans 
mitting and receiving apparatus in Which data errors can be 
suppressed under an environment of severe mechanical 
shocks and vibrations in an airplane. 

[0029] 
is 

[0030] a transmitting and receiving apparatus comprising: 
modulating means for modulating an input digital data; ?rst 
frequency converting means for converting a signal output 
from said modulating means into a signal of a predetermined 
frequency; amplifying/branching means for amplifying and 
branching a signal output from said ?rst frequency convert 
ing means; second frequency converting means for convert 
ing a signal output from said amplifying/branching means, 
into a signal of a predetermined frequency; and demodulat 
ing means for demodulating a digital data from a signal 
output from said second frequency converting means, 
Wherein 

[0031] each of said ?rst and second frequency converting 
means comprises a PLL frequency synthesiZer, 

[0032] said demodulating means has a carrier recovery 
section, and 

In order to attain the object, the present invention 

[0033] natural angular frequencies of said PLL frequency 
synthesiZers are set to be equal to a maximum frequency of 
mechanical vibrations Which are externally applied, or in a 
predetermined Width above and beloW the maximum fre 
quency, or 

[0034] a loop ?lter bandWidth of said carrier recovery 
section is set to be higher by a predetermined amount than 
the maximum frequency of mechanical vibrations Which are 
externally applied. 

[0035] According to this con?guration, even When 
mechanical shocks or vibrations in an airplane are applied to 
the transmitting and receiving apparatus, the PLL frequency 
synthesiZers and the carrier recovery section rapidly folloW 
changes due to the application, thereby suppressing noises. 
Therefore, it is possible to prevent erroneous data from 
being output from the demodulating means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a diagram shoWing the con?guration of 
a transmitting and receiving apparatus of Embodiment 1 of 
the invention; 

[0037] FIG. 2 is a diagram shoWing the con?guration of 
a PLL frequency synthesiZer included in each of frequency 
converters and tuners of FIG. 1; 

[0038] FIG. 3 is a diagram shoWing the con?guration of 
a carrier recovery section included in each of QAM demodu 
lators of FIG. 1; 
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[0039] FIG. 4 is a section vieW of a microstrip line used 
in a PLL frequency synthesizer in Embodiment 3 of the 
invention; 

[0040] FIG. 5 is a section vieW of a microstrip line used 
in a PLL frequency synthesiZer in Embodiment 5 of the 
invention; 

[0041] FIG. 6 is a diagram of a transmitting and receiving 
apparatus of the prior art; 

[0042] FIG. 7 is a diagram shoWing the con?guration of 
a PLL frequency synthesiZer included in ?rst and second 
frequency converting means of FIG. 6; 

[0043] FIG. 8 is a section vieW of a microstrip line and 
shoWing Embodiment 7 of the invention; 

[0044] FIG. 9 is a section vieW of a vicinity of a coil of 
the chip surface mount type and shoWing Embodiment 4 of 
the invention; 

[0045] FIG. 10 is a diagram shoWing a state of occurrence 
of a data error With respect to a natural angular frequency 
000; 

[0046] FIG. 11 is a diagram shoWing the con?guration of 
another PLL frequency synthesiZer; and 

[0047] FIG. 12 is a diagram shoWing a state of occurrence 
of a data error With respect to a loop bandWidth. 

[0048] (Legend of the Reference Numerals) 

[0049] The reference numeral 1a to 1x denote QAM 
modulators, 2a to 2x denote frequency converters, 3 denotes 
an amplifying/branching unit, 4a to 4x denote tuners, 5a to 
5x denote QAM demodulators, 21 denotes a PLL synthesiZer 
IC, 22 denotes a loop ?lter, 23 denotes a voltage controlled 
oscillator, 24 denotes an amplifying IC, 25 denotes a branch 
coil, C1 to C6 denote capacitors, L denotes a coil, 31 denotes 
an A/D conversion section, 32 denotes a quadrature detec 
tion section, 33 denotes a modulating component removal 
section, 34 denotes a digital ?lter section, 35 denotes an 
oscillation section, 41 denotes a printed circuit board, 42 
denotes a microstrip line, 43 denotes a grounding conductor, 
44 denotes a sheathing resin, 45 denotes a reinforcing plate, 
46 denotes an adhesive agent, 51 denotes a printed circuit 
board, 52 denotes a microstrip line, 53 denotes a grounding 
conductor, 54 denotes a sheathing resin, 55 denotes a shield 
cover, 61 denotes modulating means, 62 denotes ?rst fre 
quency converting means, 63 denotes amplifying/branching 
means, 64 denotes second frequency converting means, 65 
denotes demodulating means, 71 denotes a PLL synthesiZer 
IC, 72 denotes a loop ?lter, 73 denotes a voltage controlled 
oscillator, and 74 denotes a crystal oscillator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Embodiment 1) 
[0050] FIG. 1 shoWs the con?guration of a transmitting 
and receiving apparatus of Embodiment 1 of the invention. 
In FIG. 1, 1a to 1x denote QAM modulators, 2a to 2x denote 
frequency converters, 3 denotes an amplifying/branching 
unit, 4a to 4x denote tuners, and 5a to 5x denote QAM 
demodulators. 
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[0051] The operation of the thus con?gured transmitting 
and receiving apparatus Will be described With reference to 
FIG. 1. 

[0052] First, MPEG transport streams TSa to TSX of a rate 
of 41.34 Mbps are input to the QAM modulators 1a to 1x, 
respectively. An MPEG transport stream is a data string 
Which is considered to be used in communication, has 
enhanced resistance to a transmission error and a program 

multiplexing function, and is used in the unit of a ?Xed 
length packet of 188 bytes. The structure of such a packet is 
described in detail in, for example, “MPEG SYSTEM FOR 
MULTIPLYING MULTIMEDIA” at page 231 of “SAISIN 
MPEG KYOKASHO” (1994, ASCII SHUPPANKYOKU). 

[0053] Each of the QAM modulators 1a to 1x outputs a 
64-QAM modulated Wave of a center frequency of 36.125 
MHZ. The signals output from the QAM modulators 1a to be 
are input to the frequency converters 2a to 2x, respectively. 

[0054] Each of the frequency converters 2a to 2x has an 
internal PLL frequency synthesiZer, and outputs a signal in 
Which the center frequency of the input signal is converted. 
In the embodiment, the frequency converter 2a outputs a 
signal of 141 MHZ, the frequency converter 2b outputs a 
signal of 149 MHZ, and the frequency converter 2x outputs 
a signal of 325 MHZ. All the output signals are arranged at 
intervals of 8 MHZ so as not overlap With one another on the 
frequency aXis. The signals output from the frequency 
converters 2a to 2x are input to the amplifying/branching 
unit 3. 

[0055] The amplifying/branching unit 3 ampli?es and 
branches the input signals, and outputs the ampli?ed and 
branched signals. The signals output from the amplifying/ 
branching unit 3 are input to the tuners 4a to 4x. Each of the 
tuners 4a to 4x has an internal PLL frequency synthesiZer, 
selects one of the input signals, and converts the center 
frequency to 36.125 MHZ. In the embodiment, the tuner 4a 
selects the signal of 141 MHZ, the tuner 4b selects the signal 
of 149 MHZ, and the tuner 4x selects the signal of 325 MHZ. 
The tuners convert the frequencies of the selected signals to 
36.125 MHZ. 

[0056] The signals output from the tuners 4a to 4x are 
input to the QAM demodulators 5a to 5x, respectively. Each 
of the QAM demodulators 5a to 5x demodulates the input 
signal and outputs a reproduced data of a rate of 41.34 Mbps. 

[0057] FIG. 2 shoWs the con?guration of the PLL fre 
quency synthesiZer included in each of the frequency con 
verters 2a to 2x and the tuners 4a to 4x. In FIG. 2, 21 denotes 
a PLL synthesiZer IC, 22 denotes a loop ?lter, 23 denotes a 
voltage controlled oscillator, 24 denotes an amplifying IC, 
25 denotes a branch coil, R1 to R10 denote resistors, C1 to 
C11 denote capacitors, L denotes a coil, Tr1 to Tr3 denote 
transistors, and X denotes a crystal oscillator. 

[0058] Hereinafter, the operation of the PLL frequency 
synthesiZer Will be described With reference to FIG. 2. 

[0059] A signal output from the PLL synthesiZer IC 21 is 
input to the loop ?lter 22. The loop ?lter 22 is con?gured by: 
a ?rst integration section consisting of the capacitors C1 and 
C2 and the resistor R1; a voltage level shift section consist 
ing of the resistor R2 and a transistor Tr1; and a second 
integration section consisting of the resistor R3 and the 
capacitor C3. 
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[0060] The loop ?lter 22 performs smoothing of the signal 
output from the PLL synthesizer IC 21, and a level shift 
based on a DC voltage Vb. A signal output from the loop 
?lter 22 is input to the voltage controlled oscillator 23 via the 
resistor R4. 

[0061] The voltage controlled oscillator 23 is con?gured 
by: an oscillation section consisting of the resistors R5 to 
R7, the capacitors C4 to C6, a variable capacitor Cv, the coil 
L, and the transistor Tr2; and a buffer section consisting of 
the resistors R8 to R10 and the transistor Tr3. 

[0062] In the voltage controlled oscillator 23, the capaci 
tance of the variable capacitor Cv is changed in accordance 
With the voltage level of the signal output from the loop ?lter 
22, and a signal of a frequency corresponding to the change 
of the capacitance is output. The signal output from the 
voltage controlled oscillator 23 is input to the amplifying IC 
24 via the capacitor C8. 

[0063] The amplifying IC 24 ampli?es the input signal by 
a constant factor. A signal output from the amplifying IC 24 
is input to the branch coil 25. The branch coil 25 branches 
the signal output from the amplifying IC 24 into tWo signal 
portions. One of the signal portions is output to the PLL 
synthesiZer IC 21 via the capacitor C9, and the other signal 
portion is output as an output signal Vo of the PLL frequency 
synthesiZer via the capacitor C10. 

[0064] FIG. 3 shoWs the con?guration of a carrier recov 
ery section included in each of the QAM demodulators. In 
FIG. 3, 31 denotes an A/D conversion section, 32 denotes a 
quadrature detection section, 33 denotes a modulating com 
ponent removal section, 34 denotes a digital ?lter section, 
and 35 denotes an oscillation section. 

[0065] Hereinafter, the operation of the carrier recovery 
section Will be described With reference to FIG. 3. 

[0066] The A/D conversion section 31 converts an analog 
signal input to the corresponding QAM demodulator into a 
digital signal. Adata output from the A/D conversion section 
31 is input to the quadrature detection section 32. The 
quadrature detection section 32 performs quadrature detec 
tion on the data output from the A/D conversion section 31, 
by using a data output from the oscillation section 35, to 
produce 1- and Q-axis data. 

[0067] The tWo data output from the quadrature detection 
section 32 are input to the modulating component removal 
section 33. The modulating component removal section 33 
removes modulating components from the I- and Q-axis data 
to produce carrier components. A data output from the 
modulating component removal section 33 is input to the 
digital ?lter section 34. 

[0068] The digital ?lter section 34 has a frequency char 
acteristic of alloWing only a signal of a loW frequency region 
to pass therethrough, and smoothes the input data to remove 
noise components. A data output from the digital ?lter 
section 34 is input to the oscillation section 35. 

[0069] The oscillation section 35 produces sinusoidal and 
cosinusoidal Wave data from the input data. When the carrier 
recovery section is con?gured as described above, the sinu 
soidal and cosinusoidal Wave data output from the oscilla 
tion section 35 coincide With the carrier components con 
tained in the QAM modulated Wave input to the A/D 
conversion section 31. 
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[0070] When severe mechanical shocks and vibrations in 
an airplane are applied to the transmitting and receiving 
apparatus, noise components contained in the output signals 
of the PLL frequency synthesiZers included in the frequency 
converters 2a to 2x and the tuners 4a to 4x are increased, and 
therefore the QAM demodulators 5a to 5x output erroneous 
reproduced data. 

[0071] Generally, vibrations Which are applied to a trans 
mitting and receiving apparatus in an airplane are variously 
changed in accordance With the ?ying state of the airplane, 
such as the Weather and the altitude, and the place in the 
airplane Where the apparatus is disposed. According to 
standards for vibration resistance tests on the ground, such 
vibrations have a frequency in the range of 10 HZ to 2 kHZ. 
This is described in, for example, “Vibration” of Section 8 
of “DO-160D/Environmental Condition and Test Proce 
dures for Airborne Equipment” (1997, RTCA). 

[0072] Therefore, mechanical vibrations in the frequency 
range are applied to the components constituting the PLL 
frequency synthesiZer of FIG. 2. Namely, the characteristics 
of the capacitors and coils included in the loop ?lter 22 and 
the voltage controlled oscillator 23 are changed by the 
mechanical vibrations (such changes are called microphonic 
noises). 
[0073] In Embodiment 1 of the invention, data errors due 
to such mechanical vibrations are prevented from occurring 
in the QAM demodulators, in the folloWing manner. 

[0074] In the PLL frequency synthesiZer of FIG. 2, ?rst, 
the natural angular frequency 000 is set to be in the vicinity 
of the maximum frequency of 2 kHZ of mechanical vibra 
tions. 

[0075] As described in “TV/Satellite Synthesisers Basic 
Design Guidelines” of Section 6 of “Media IC Handbook” 
(1995, GEC PLESSEY), the natural angular frequency 000 is 
expressed by the folloWing expressions by using the resistor 
R1, the capacitors C1 and C2, the gain Kd of a phase 
comparator 21, the gain Ko of the voltage controlled oscil 
lator 23, the frequency division ratio P of a prescaler divider 
in the phase comparator 21, the frequency division ratio N 
of a programmable divider in the phase comparator 21, and 
a damping factor E. 

nF, Kd=150 uA/2J'c, Ko=15 MHZ/V, P=1, N=621 to 805 and 
variable in the unit of 1 step, and E=0.8. As a result, the 
natural angular frequency is set to about 8 krad/sec (about 
1.3 kHZ). 

[0077] The crystal oscillator X of 4 MHZ is externally 
connected to the PLL synthesiZer IC, and the phase com 
parison sampling frequency is set to 1 MHZ. 

[0078] FIG. 10 shoWs a state of occurrence of a data error 
With respect to the natural angular frequency 000. The mark 
0 indicates a case Where, even When mechanical vibrations 
are applied, a resulting data error of the QAM demodulator 
is alloWable, and the mark X indicates a case Where a 
resulting data error is not alloWable. 
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[0079] When the natural angular frequency is set to be in 
the vicinity of the maximum frequency of 2 kHZ of mechani 
cal vibrations as described above, it is seen that, even When 
the characteristics of the capacitors and coils included in the 
loop ?lter 22 and the voltage controlled oscillator 23 are 
changed by the mechanical vibrations in the range of 10 HZ 
to 2 kHZ, the PLL frequency synthesiZers and the carrier 
recovery sections can rapidly folloW changes to suppress 
generation of noises. 

[0080] FIG. 11 shoWs the con?guration of another PLL 
frequency synthesiZer. In FIG. 11, 21 denotes a PLL syn 
thesiZer IC, 22 denotes a loop ?lter, 26 denotes a voltage 
controlled oscillator, 24 denotes an amplifying IC, 25 
denotes a branch coil, R1 to R6 denote resistors, C1 to C15 
denote capacitors, LC denotes a resonance circuit, Tr1 to Tr3 
denote transistors, and X denotes a crystal oscillator. 

[0081] Also in this case, When the natural angular fre 
quency is set to be in the vicinity of the maximum frequency 
of 2 kHZ of mechanical vibrations, it has been seen that, 
even When the characteristics of the capacitors and coils 
included in the loop ?lter 22 and the voltage controlled 
oscillator 23 are changed by the mechanical vibrations in the 
range of 10 HZ to 2 kHZ, the PLL frequency synthesiZers and 
the carrier recovery sections can rapidly folloW changes to 
suppress generation of noises. In the description, the setting 
to the vicinity of 2 kHZ means a range of 150% With respect 
the maximum frequency. 

[0082] In the carrier recovery section of FIG. 3, next, the 
loop bandWidth is set to be sufficiently higher than 2 kHZ 
Which is the maximum frequency of mechanical vibrations. 

[0083] The loop bandWidth is determined by the con?gu 
ration and the operating frequency of the digital ?lter 34. 
This is described by WILLIAM et al. in, for example, p. 426 
of “A Survey of Digital Phase-Locked Loops” (1981, Pro 
ceeding of the IEEE, Vol. 69, No. 4). 

[0084] In the embodiment, the digital ?lter 34 is con?g 
ured to be of the secondary type, and the operating rate is set 
to an integer multiple of the symbol rate, so that the loop 
bandWidth is set to about 15 kHZ. 

[0085] FIG. 12 is a diagram shoWing a state of occurrence 
of a data error With respect to the loop bandWidth. The mark 
0 indicates a case Where, even When mechanical vibrations 
are applied, a resulting data error of the QAM demodulator 
is alloWable, and the mark X indicates a case Where a 
resulting data error is not alloWable. 

[0086] In the case Where the loop bandWidth is set to be 
sufficiently higher than the maximum frequency of 2 kHZ of 
mechanical vibrations as described above, even When noises 
in the signals output from PLL frequency synthesiZers are 
increased, the carrier recovery sections can rapidly folloW 
changes to prevent a data error from being generated. The 
sufficiently higher setting means that the loop bandWidth is 
higher than the maximum frequency by at least 5 kHZ. 

[0087] As described above, according to Embodiment 1, 
in the transmitting and receiving apparatus comprising: the 
QAM modulators 1a to be which modulate an input digital 
data; the frequency converters 2a to 2x Which convert 
signals respectively output from the QAM modulators 1a to 
1x into signals of predetermined frequencies; the amplify 
ing/branching unit 3 Which ampli?es and branches signals 
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output from the frequency converters 2a to 2x; the tuners 4a 
to 4x Which respectively convert signals output from the 
amplifying/branching unit 3, into signals of a predetermined 
frequency; and the QAM demodulators 5a to 5x Which 
demodulate digital data from signals output from the tuners 
4a to 4x, each of the frequency converters 2a to 2x and the 
tuners 4a to 4x comprises a PLL frequency synthesiZer, each 
of the QAM demodulators 5a to 5x comprises a carrier 
recovery section, the natural angular frequencies of the PLL 
frequency synthesiZers are set to be in the vicinity of the 
maximum frequency of mechanical vibrations Which are 
externally applied, and the loop bandWidths of the carrier 
recovery sections are set to be suf?ciently higher than the 
maximum frequency of mechanical vibrations Which are 
externally applied, Whereby, even mechanical shocks and 
vibrations in an airplane are applied to the transmitting and 
receiving apparatus, the PLL frequency synthesiZers and the 
carrier recovery sections are enabled to rapidly folloW 
changes due to the application, thereby suppressing noises. 
Therefore, it is possible to prevent the QAM demodulators 
5a to 5x from outputting erroneous data. 

(Embodiment 2) 
[0088] Hereinafter, Embodiment 2 of the invention Will be 
described With reference to FIG. 2. 

[0089] Embodiment 2 of the invention is identical With 
Embodiment 1 except that the coil L used in the resonance 
section of the voltage controlled oscillator 23 included in the 
PLL frequency synthesiZer of FIG. 2 is con?gured by a 
microstrip line, and hence description of its operation is 
omitted. Hereinafter, the coil L con?gured by the microstrip 
line Will be described. 

[0090] Referring to FIG. 2, the oscillation frequency fvco 
of the signal output from the voltage controlled oscillator 23 
is expressed by the folloWing expressions. 

[Ex. 5] 
[Ex. 6] 

[0091] When severe mechanical shocks and vibrations in 
an airplane are applied to the voltage controlled oscillator 
23, the characteristics of the coils and the capacitors are 
changed and hence the oscillation frequency fvco is varied. 
As a result, noise components contained in the output signals 
of the PLL frequency synthesiZers are increased, and there 
fore the QAM demodulators 5a to 5x output erroneous 
reproduced data. 

[0092] In Expressions 5 and 6, When the coil L, the 
capacitor C5, the capacitor C6, and the variable capacitor Cv 
are changed by the same ratio, the coil L exerts the largest 
in?uence on the oscillation frequency fvco. Therefore, the 
coil L is con?gured by a microstrip line in Which the 
characteristics are less changed by mechanical vibrations. 
When the coil L is con?gured to be of the air core type, its 
shape is easily changed by mechanical vibrations, and hence 
the characteristics are largely changed. The inductance of a 
microstrip line is described in, for example, page 172 of 
“MICROWAVE KAIRO NO KISO TO SONO OYO” 

(1990, SOGO DENSHI SHUPPANSHA). 

[0093] When the coil L used in the resonance section of 
the voltage controlled oscillator 23 included in each of the 
PLL frequency synthesiZers is con?gured by a microstrip 
line as described above, characteristic changes due to 
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mechanical shocks and vibrations can be reduced to sup 
press frequency variations of the voltage controlled oscilla 
tor 23. 

(Embodiment 3) 
[0094] Hereinafter, Embodiment 3 of the invention Will be 
described With reference to FIG. 4. 

[0095] Embodiment 3 of the invention is identical With 
Embodiment 1 except that the coil L used in the resonance 
section of the voltage controlled oscillator 23 included in the 
PLL frequency synthesiZer of FIG. 2 is con?gured by a 
microstrip line and a reinforcing plate is pasted to the upper 
side of the microstrip line, and hence description of its 
operation is omitted. Hereinafter, the con?guration of the 
microstrip line Will be described. 

[0096] FIG. 4 is a section vieW of the microstrip line and 
shoWing Embodiment 3 of the invention. In the ?gure, 41 
denotes a printed circuit board, 42 denotes the microstrip 
line, 43 denotes a grounding conductor, and 44 denotes a 
sheathing resin. These components are con?gured in the 
same manner as those appearing in a section of a microstrip 
line of the prior art. Unlike the prior art, an adhesive agent 
46 is applied to the reinforcing plate 45 and the reinforcing 
plate is pasted to the upper side of the microstrip line 42. 

[0097] The operation of the thus con?gured microstrip line 
Will be described. 

[0098] When severe mechanical shocks and vibrations in 
an airplane are applied to the microstrip line 42 formed on 
the printed circuit board 41, the printed circuit board 41, the 
microstrip line 42, and the grounding conductor 43 are 
deformed, and characteristics of the microstrip line are 
changed. This change in characteristics causes the oscilla 
tion frequency fvco of the voltage controlled oscillator 23 to 
be varied. 

[0099] As a result, noise components contained in the 
output signals of the PLL frequency synthesiZers are 
increased, and therefore the QAM demodulators 5a to 5x 
output erroneous reproduced data. In order to enhance the 
mechanical strength of the vicinity of the microstrip line 42, 
therefore, the reinforcing plate 45 is pasted to the upper side 
of the microstrip line 42. 

[0100] The reinforcing plate 45 is a board Which is made 
of the same material as the printed circuit board 41. As the 
adhesive agent 46, used is an epoxy or silicone adhesive 
agent having excellent insulating properties, or a double 
coated adhesive tape having excellent insulating properties. 

[0101] According to this con?guration, the reinforcing 
plate 45 functions as a reinforcing member against mechani 
cal shocks and vibrations, and hence the change in charac 
teristics of the microstrip line can be suppressed. 

[0102] When a reinforcing plate is pasted to the upper side 
of a microstrip line used in the resonance section of the 
voltage controlled oscillator 23 included in each of the PLL 
frequency synthesiZers as described above, characteristic 
changes due to mechanical shocks and vibrations can be 
reduced to suppress frequency variations of the voltage 
controlled oscillator 23. 

(Embodiment 4) 
[0103] Hereinafter, Embodiment 4 of the invention Will be 
described With reference to FIG. 9. 
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[0104] Embodiment 4 of the invention is identical With 
Embodiment 1 except that the coil L used in the resonance 
section of the voltage controlled oscillator 23 included in the 
PLL frequency synthesiZer of FIG. 2 is con?gured to be of 
the chip surface mount type, and hence description of its 
operation is omitted. Hereinafter, the coil L Which is con 
?gured to be of the chip surface mount type Will be 
described. 

[0105] FIG. 9 is a section vieW of a vicinity of a coil of 
the chip surface mount type and shoWing Embodiment 4 of 
the invention. In the ?gure, 91 denotes a printed circuit 
board, 92 denotes a conductor pattern, 93 denotes a sheath 
ing resin, 94 denotes a chip surface mount type coil, and 95 
denotes solder. The conductor pattern 92 formed on the 
printed circuit board 91 is covered With the sheathing resin 
93 except a portion to Which the chip surface mount type coil 
94 is to be soldered. 

[0106] The operation of the thus con?gured chip surface 
mount type coil Will be described. 

[0107] When severe mechanical shocks and vibrations in 
an airplane are applied to the voltage controlled oscillator 
23, the characteristics of the coils and the capacitors are 
changed and hence the oscillation frequency fvco is varied. 
As a result, noise components contained in the output signals 
of the PLL frequency synthesiZers are increased, and there 
fore the QAM demodulators 5a to 5x output erroneous 
reproduced data. 

[0108] As described in Embodiment 2, in Expressions 5 
and 6, When the coil L, the capacitor C5, the capacitor C6, 
and the variable capacitor Cv are changed by the same ratio, 
the coil L exerts the largest in?uence on the oscillation 
frequency fvco. 

[0109] Therefore, the coil L is con?gured by a coil of the 
chip surface mount type in Which a less stress is produced by 
mechanical vibrations. When the coil L is con?gured to be 
of the air core type, its shape is easily changed by mechani 
cal vibrations, and hence the characteristics are largely 
changed. By contrast, a chip surface mount type coil is 
substantially equal in siZe to a chip type capacitor or resistor, 
and a mechanical stress is hardly transmitted from a printed 
circuit board to the coil. 

[0110] When the coil L used in the resonance section of 
the voltage controlled oscillator 23 included in each of the 
PLL frequency synthesiZers is con?gured to be of the chip 
surface mount type as described above, characteristic 
changes due to mechanical shocks and vibrations can be 
reduced to suppress frequency variations of the voltage 
controlled oscillator 23. 

(Embodiment 5) 
[0111] Hereinafter, Embodiment 5 of the invention Will be 
described With reference to FIG. 5. 

[0112] Embodiment 5 of the invention is identical With 
Embodiment 1 except that the coil L used in the resonance 
section of the voltage controlled oscillator 23 included in the 
PLL frequency synthesiZer of FIG. 2 is con?gured by a 
microstrip line and the microstrip line is formed by an inner 
layer of a printed circuit board, and hence description of its 
operation is omitted. Hereinafter, the con?guration of the 
microstrip line Will be described. 
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[0113] FIG. 5 is a section vieW of the microstrip line and 
showing Embodiment 5 of the invention. In the ?gure, 51 
denotes the printed circuit board, 52 denotes the microstrip 
line, 53 denotes a grounding conductor, 54 denotes a sheath 
ing resin, and 55 denotes a shield cover. The microstrip line 
52 is different from a prior art one in that the microstrip line 
is formed inside the printed circuit board. 

[0114] The operation of the thus con?gured microstrip line 
Will be described. 

[0115] In order to prevent signals from the PLL frequency 
synthesiZers from leaking to the outside, and conversely an 
external signal from entering the PLL frequency synthesiZ 
ers, the shield cover 55 is attached to the printed circuit 
board 51. When the microstrip line 52 is formed in an outer 
layer of the printed circuit board 51, severe mechanical 
shocks and vibrations in an airplane cause spatial conditions 
With respect to the shield cover 55 to be varied, and hence 
characteristics of the microstrip line are changed. This 
change in characteristics causes the oscillation frequency 
fvco of the voltage controlled oscillator 23 to be varied. As 
a result, noise components contained in the output signals of 
the PLL frequency synthesiZers are increased, and therefore 
the QAM demodulators 5a to 5x output erroneous repro 
duced data. 

[0116] In the embodiment, as shoWn in FIG. 5, the micros 
trip line 52 is formed in an internal layer of the printed 
circuit board 51, so that the microstrip line 52 is not directly 
opposed to the shield cover 55 attached to the printed circuit 
board 51. According to this con?guration, a part of the 
printed circuit board 51 is interposed betWeen the microstrip 
line 52 and the shield cover 55, and hence variations of 
spatial conditions due to mechanical shocks and vibrations 
can be reduced. 

[0117] When a microstrip line used in the resonance 
section of the voltage controlled oscillator 23 included in 
each of the PLL frequency synthesiZers is formed by an 
internal layer of a printed circuit board as described above, 
characteristic changes due to mechanical shocks and vibra 
tions can be reduced to suppress frequency variations of the 
voltage controlled oscillator 23. 

(Embodiment 6) 
[0118] Hereinafter, Embodiment 6 of the invention Will be 
described With reference to FIG. 2. 

[0119] Embodiment 6 of the invention is identical With 
Embodiment 1 eXcept that the capacitors C1, C2, and C3 
used in the loop ?lter 22, and the capacitors C4, C5, and C6 
used in the resonance section of the voltage controlled 
oscillator 23 Which are included in the PLL frequency 
synthesiZer of FIG. 2 are con?gured to be of the ?lm type, 
and hence description of its operation is omitted. Hereinaf 
ter, the capacitors of the ?lm type Will be described. 

[0120] When severe mechanical shocks and vibrations in 
an airplane are applied to the loop ?lter 22 and the voltage 
controlled oscillator 23 of the PLL frequency synthesiZer, 
the characteristics of the coils and the capacitors are changed 
and hence the oscillation frequency fvco is varied. As a 
result, noise components contained in the output signal of 
the PLL frequency synthesiZer is increased, and therefore 
the QAM demodulators 5a to 5x output erroneous repro 
duced data. 

Jul. 14, 2005 

[0121] As described in Embodiment 1, the loop ?lter 22 is 
con?gured by: the ?rst integration section consisting of the 
capacitors C1 and C2 and the resistor R1; the voltage level 
shift section consisting of the resistor R2 and the transistor 
Tr1; and the second integration section consisting of the 
resistor R3 and the capacitor C3, and performs smoothing of 
the signal output from the PLL synthesiZer IC 21, and a level 
shift based on the DC voltage Vb. As the capacitors C1 to 
C3, capacitors of the ceramic type are used in vieW of the 
high-frequency characteristics and siZe. 

[0122] The voltage controlled oscillator 23 is con?gured 
by: the oscillation section consisting of the resistors R5 to 
R7, the capacitors C4 to C6, the variable capacitor Cv, the 
coil L, and the transistor Tr2; and the buffer section con 
sisting of the resistors R8 to R10 and the transistor Tr3. In 
accordance With the signal output from the loop ?lter 22, the 
oscillator outputs the signal of the oscillation frequency fvco 
indicated by Expressions 5 and 6. As the capacitors C1 to 
C6, capacitors of the ceramic type are used in vieW of the 
high-frequency characteristics and siZe. A capacitor of the 
ceramic type has a draWback that, as compared With one of 
the ?lm type, the pieZoelectric effect is large and easily 
affected by mechanical shocks and vibrations. 

[0123] Therefore, the capacitors C1 to C3 used in the loop 
?lter 22, and the capacitors C4 to C6 used in the resonance 
section of the voltage controlled oscillator 23 are con?gured 
to be of the ?lm type. As compared With a ceramic type 
capacitor, although large in siZe, a capacitor of the ?lm type 
is eXcellent all in high-frequency, temperature, and vibration 
resistance characteristics. 

[0124] When the capacitors C1 to C3 used in the loop ?lter 
22, and the capacitors C4 to C6 used in the resonance section 
of the voltage controlled oscillator 23 are con?gured to be of 
the ?lm type as described above, characteristic changes due 
to mechanical shocks and vibrations can be reduced to 
suppress frequency variations of the voltage controlled 
oscillator 23. 

(Embodiment 7) 
[0125] Hereinafter, Embodiment 7 of the invention Will be 
described With reference to FIG. 8. 

[0126] Embodiment 7 of the invention is identical With 
Embodiment 3 eXcept that a rubber member is pasted to the 
upper side of the reinforcing plate of FIG. 4, and hence 
description of its operation is omitted. Hereinafter, the 
rubber member Will be described. 

[0127] FIG. 8 is a section vieW of the microstrip line and 
shoWing Embodiment 7 of the invention. In the ?gure, 41 
denotes the printed circuit board, 42 denotes the microstrip 
line, 43 denotes the grounding conductor, 44 denotes the 
sheathing resin, 45 denotes the reinforcing plate, and 46 
denotes the adhesive agent. These components are con?g 
ured in the same manner as those appearing in the section of 
the microstrip line of Embodiment 3, and are denoted by the 
identical reference numerals. The embodiment is different 
from Embodiment 3 in that an adhesive agent 77 is applied 
to the upper side of the reinforcing plate 45 and a rubber 
member 79 is inserted betWeen the reinforcing plate and a 
shield cover 78. 

[0128] The operation of the thus con?gured microstrip line 
Will be described. 






